A method for the kinetic determination of nanogram amounts of nitrite based on its acceleration of the rate of bromination of pyridine-2-aldehyde 2-pyridylhydrazone in acidic medium has been developed. The reaction is followed by fluorometry while monitoring the formation of a fluorescent product using an excitation wavelength of 291 nm and an emission wavelength of 432 nm. The kinetic methods of the initial rate and induction period have been assessed regarding their analytical performance, the latter showing improved capabilities. This method has been applied to drinking water analysis, with a detection limit of 4.6 ng/ ml and recoveries of 92-105%. The relative standard deviation of the method is 2.4%. The major advantages of this method are simplicity, absence of a reagent blank, selectivity and sensitivity.
Nitrite is an active form of nitrogen which occurs in nature as a result of an incomplete oxidation of ammonium or the reduction of nitrate. The use of fertilizers in agricultural practices increases the nitrate and nitrite levels in land as well as in subterranean water. Nitrite can cause different noxious effects, such as: methemoglobinaemial, decrease of oxidative phosphorylation and microsomal enzymes inhibition, as well as a decrease in the efficacy of a nutritive diet. One example is the combination of nitrite with secondary enzymes, resulting in carcinogenic 1V nitrosamines.2 Because of these properties, the analytical methods for nitrite are of interest for application to both food and drinking water.
There have been recently reported techniques for the quantitative determination of nitrite which include volumetry3, potentiometry4, voltammetry5, amperometry6, ion chromatography', flow injections, and chemiluminescence. 9 The approved methods for nitrite determination in water10 provide low detection limits (0.003 µg/ ml). To date, only a few kinetic methods for nitrite have been published.1113 Interference by oxidizing and reducing agents, as well as long reaction times and large sample volumes, are common drawbacks of these methods.
A method for nitrite determination in water samples with pyridine-2-aldehyde 2-pyridylhydrazone (PAPH) has been recently developed.14 The determination of submicrogram amounts of nitrite is possible by spectrophotometrically monitoring the bromate oxidation of PAPH. In this study, a method for nitrite determination based on monitoring the fluorescence of PAPH bromination is proposed. Due to the higher sensitivity of fluorescence spectroscopy, the detection limit has been improved. Thus, 4.6 ng/ ml of nitrite can be detected in tap water with a relative standard deviation of 2.4%. This method is both simple and rapid, and has been satisfactorily applied to nitrite determination in drinking water.
Experimental
Apparatus A Perkin-Elmer MPF-43A grating spectrofluorometer equipped with a 150-W xenon lamp, 1-cm quartz cells, and a water bath circulator (Frigiterm S-382) was employed for the measurements. The change in the analytical signal was recorded on moving chart paper.
Reagents
All of the solutions were prepared from distilled deionized water and analytical-grade chemicals. The working solutions were all kept in a water bath at 25° C. Pyridine-2-aldehyde 2-pyridylhydrazone (PAPH) was purchased from Ega-Chemie and used without further purification. Solutions (1.5X10-3 mol/1) were prepared in 0.1 mol/ 1 hydrochloric acid (stable for at least two weeks). Potassium bromate was recrystallized twice from water. A stock solution (0.100 mol/ 1) was prepared by dissolving 16.70 g of it in 11 of water. A standard nitrite solution (0.250 mol/ 1) was prepared by dissolving 1.725 g of sodium nitrite (dried at 110° C for 1 h) in 100 ml of water containing a few drops of chloroform as a preservative. The solutions were protected from light. Working standards were prepared daily.
Procedures
Water samples were collected in polyethylene bottles which had previously been washed several times with dilute nitric acid. Most of the analyses were performed within 3 h after sample collection. Otherwise, samples were stored at 4° C for a maximum of 48 h. Into a 10-ml standard flask, 5 ml of the sample and 1 ml of 0.5 mol/ 1 hydrochloric acid were introduced. Then, l ml of 1 X 10-4 mol/ 1 PAPH was added for the initial rate method, or 1 ml of 6X104 mol/ 1 PAPH for the induction period method; 2 ml of 0.01 mol/ 1 potassium bromate was then added and the solution diluted to volume with demineralized water. The fluorescence intensity at ).ex= 291 nm and /hem=432 nm was monitored against water, 30 s after the addition of bromate. Results and Discussion
The oxidation of PAPH by bromate in an acidic medium generates a fluorescent product which shows an excitation maximum at 291 nm and emission maxima at 432 and 360 nm ( Fig. 1 ). This reaction, previously reported in another paper15, can be followed spectrofluorometrically by monitoring the increase in the fluorescence at any of these emission wavelengths. However, the emission maximum at 432 nm was chosen since spectral interferences can be avoided at larger Stokes shifts. Although the kinetics of the indicator reaction has been studied16,17, the fluorescence reaction was investigated in order to determine the experimental conditions resulting in maximum sensitivity.
Optimization of reagent concentrations and instrumental variables was carried out by measuring the reaction rate of the kinetic curves in the zone of the maximum slope. The effect of the initial reactant concentrations on the reaction is summarized in Fig. 2 . A hydrochloric acid concentration of 0.05 mol/ 1 was chosen, since it provides the largest rate difference between the reactions in both the absence and presence of nitrite. The reaction in the absence and presence of nitrite increased upon increasing the bromate concentration.
The maximum rate difference between both reactions occurred at a bromate concentration of 3X103 mol/ 1. Although higher bromate concentrations cause no improvement in the sensitivity, further experiments were performed at 2X10-3 mol/l bromate, since at this concentration there is no blank reaction. The optimum PAPH concentration was found to be 1x10-5 mol/ 1. The reaction rate in the absence of nitrite was zero at every concentration. At concentrations higher than 3X103 mol/ l the reaction is preceded by a period of induction.
Analytical parameters Method of tangent. Under the chosen experimental conditions, linear calibration plots for nitrite were obtained over the range 7 -120 ng/ ml nitrite. At concentrations higher than 120 ng/ ml the calibration plot is no longer linear. A statistical analysis of the calibration data yielded the results listed in Table 1 . The limit of detection, calculated according to the usual recommendations18, was 6.2 ng/ ml. The relative standard deviation (RSD) of ten replicate analyses of a 46 ng/ ml standard was 6.5%. The between-day precision for ten measurements made over two weeks showed a relative standard deviation of 7.6%. Method of induction period. As discussed above, at PAPH concentrations higher than 3X10-3 mol/l the reaction was preceded by a period of induction, as is exemplified in Fig. 3 . The induction periods were measured from the start of the kinetic curve to the intercept of the two linear, extrapolated segments (Fig. 3) . The reaction rates were measured from the slope of the rising part of the kinetic curve. The length of the induction period increases with the PAPH concentration, in such a way that for concentrations of PAPH higher than 6X105 mol/ 1 it might be extremely long. Figure 4 shows that a plot of the induction period (T) vs. the nitrite concentration results in a non-linear calibration graph. Representation of 1 / T vs. the concentration is linear up to 30 ng/ ml nitrite. However, the log Ti's. the nitrite concentration is linear up to 70 ng/ ml nitrite. Establishing any theoretical background for the linear relationship between log T and the nitrite concentration requires complete knowledge regarding the reaction mechanism, as was recognized by Svehla.19 No attempts were made in this study to fully elucidate such a mechanism. However, the empirical linear relationship between log T and the nitrite concentration can be used for analytical purposes. Table 1 summarizes the calibration data provided by the induction period method, along with those provided by the tangent method. The limit of detection for deionized water, calculated according to the usual recommendations18, was 5.76 ng/ ml. Because of the possibility of matrix effects, the limit of detection was also calculated in the sample of interest, drinking water, according to the method recommended by the U.S.E.P.A. 20 The limit of detection calculated in this way is 4.76 ng/ ml. The detection limits calculated in both deionized and drinking water are similar. The statistical parameters of the induction period method and the tangent method are compared in Table 1 . Although the detection limits provided by both methods are of the same order of magnitude, the method of choice would be the induction period method, owing to the improved precision. The between-day precision for ten measurements over ten days was 3.9% RSD. The order of reagent addition is not critical with respect to precision and the reaction can be started by the addition of either acid or bromate.
Effect of foreign species
The interference of foreign species caused similar effects in both the tangent method and the induction period method. The selectivity of the method is expressed in Table 2 , for forty-five species which were tested as potential interferents. This table gives the concentration at which the species caused an error of no more than 6% in the rate or in the length of induction period, in the determination of 26 ng/ ml nitrite. Interferent species can be classified in two groups according to the nature of the interference caused. The first group includes electroative substances which cause interference when present at the 500 ng/ ml level. The second group is formed by metal ions, such as Pd(II) and Cu(II), which form complexes with the reagent. These metal ions decrease the PAPH concentration in solution and cause negative interference. The interference from Cu(II) can be eliminated by the addition of 1 µg/ ml EDTA. This method has a very good tolerance for numerous substances. As observed, 36 ions (including nitrate and ammonium) can be tolerated at concentrations as high as 2.5 µg/ ml.
Drinking water analysis
The nitrite levels in drinking waters should be below 60 ng/ m1.21 The good sensitivity, selectivity, precision and accuracy of the method of induction period proposed here allow the determination of nitrite at these concentrations without any sample pretreatment. The recoveries for drinking water samples collected at two different locations are shown in the Table 3 . As shown in Table 3 , this method allows a satisfactory recovery with good precision levels. The effect of the sample matrix was studied for the water samples of the two villages. The analysis was realized by taking different amounts of every one, and then diluting at 10 ml. The results are shown in Table 4 . In the first sample, which was richer in foreign species, larger volumes were not advisable, since the potential effect of interferent substances was expected to increase. The second sample, which contained a smaller amount of foreign species, provided better results at higher sample volumes. This was due to the fact that the nitrite concentration in this sample lies in the range of best performance of the methods. As a compromise, an intermediate sample volume (5 ml) was chosen as being the most adequate for the analysis of drinking water. Applications of the method were illustrated by a study of the nitrite level in tap water of Malaga for twenty days. Eleven samples were analyzed, by triplicate, on alternate days. Figure 5 shows a control chart of the nitrite levels found. The central line (a) corresponds to the average value found (35.17 ng/ ml). The other lines (b and c) correspond to the limits x±3s/ b.
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nil2, here, x is the average value of the nitrite concentration (ng/ ml), s the standard deviation of concentration (ng/ ml), and n the number of replicate measurements. The points falling outside of these limits indicate an anomalous modification of the regular nitrite levels.
